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PROPHYLACTIC AND THERAPEUTIC APPLICATIONS OF PEROXIDASES 



Field Of The Invent ion 

The present invention relates to prophylactic and 
therapeutic applications of peroxidases and methods for the 
prevention and treatment of viral infections and, in 
particular, to prophylactic and therapeutic applications of 
peroxidase medicaments, and methods for utilizing such 
peroxidase medicaments for the prevention and treatment of 
infections of enveloped viruses, such as the Herpes Simplex 
Viruses and the Human Immunodeficiency Viruses. 



Background n-F The Invention 

The development of effective prophylactic and 
therapeutic medicaments for preventing and inhibiting the 
cytotoxic potential of infections of enveloped viruses, and 
in particular of Herpes Simplex Viruses (HSV's) and Human 
Immunodeficiency Viruses <HIV's), have proven problematic. 

Herpes Simplex Viruses <such as HSV-1 and HSV-2) are 
widespread. Prophylactic and therapeutic medicaments and 
methods developed for the prevention and treatment of 
infections of herpes simplex viruses have, in general, only 
been partially successful. 

Secretions of human milk have long been known to 
exhibit antiviral activity Csee Matthews et al., Lancet, £: 
1388-1390 (1976); Micheals, R. H. , J. Immunol., 94s £6£-£7i 
U964); Laegried et al. , flcta Paedriatz Scand. , 75s 696-701 
<1986); and Isaacs et al., J. Infect. Dis. , 154: 969-971 
< 1986) 3. In particular, whole human breast milk has "in 
vitro" been noted to exhibit antiviral neutralizing activity 
against herpes simplex virus £. CLopez et al. , Arch. Fr. 
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Pediatr. , 46s ££3-365 (1989)3. While the origins of this 
antiviral activity has. been attributed to several varying 
sources, it has never been able to be definitively 
characterised* 

The primary source of the antiviral activity of mi-Ik 
has been attributed to the presence of immunoglobins (IgG 1 s) 
therein. Other sources that have been suggested as the 
origin of this antiviral activity includes a non— lipid 
macromolecuie that is relatively stable to heat (Matthews et 
al., and Micheais. both supra) and/or a molecule having a 
molecular weight of 400,000 da 1 tons (Laegried et al., supra) 
and/or a component of the lipid layer that effects only 
encapsulated viruses (Issacs et al . , supra). This inability 
to definitely characterize the antiviral origin(s) of milk 
limits the use thereof, or of components or systems thereof, 
for antiviral purposes- 
Human saliva has also long been known to be active 
against a number of viruses, including herpes simplex virus 
I. Csee Gyselink, et al. , J- Infect. Dis. , 137: 5S3—53S 
(1978)3, Unfortunately, the origin of the anti-viral 
activity of human saliva has not been definitively 
characterized, being ascribed variously to glycoproteins 
CLearner, et al., J, Immunol- 96: 53-63 (1366)3, 
immunoglobulin ft CTomasi, J- clin. Invest. 42: 1552-1560 
(1963)3 or immunoglobulin G (Gyselink, et al. , supra). More 
recently, it has further been suggested that the antiviral 
activity may be more of a eel 1 -protect ive activity than a 
virus neutralizing activity — that is to say, the saliva 
direct ly affects the oral epithelial cells, projecting them 
against infection Csee Heineman, H. S. , and M. S- Greenberg, 
Archs Oral Biol. 225 s £57-261 (1980)3. Unfortunately, the 
origin of such activity still remains unknown- 
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No medicament has been successful in preventing and 
inhibiting infections of, and the cytotoxic potential of, 
herpes simplex viruses in all stages. 

The human immunodeficiency viruses (HIV s) are fatal and 
widespread viruses that have only relatively recently been 
identified. The biochemistry and physiology of these HIV 1 s 
are poorly known and understood- It has been reported that 
"in vitro" contact, for at least one-half hour or more, with 
whole human saliva inhibits the ability of human 
immunodeficiency virus <HIV) to infect phytohaemaggl ut ^un- 
stimulated lymphocytes. CFultz, Lancet, 3s 1215 < 1986)3. 
However, shorter periods of incubation have failed to 
demonstrate an impressive antiseptic effect (see Fultz, 
supra). Moreover, not all of the saliva samples reported 
can insure a 100% inhibition of HIV-1 infect ivity Usee Fox et 
al„, JfiDA, ilSs 709-711 (1983)2. 

As yet, no medicaments or methods of which we are aware 
have proven to be consistently successful for preventing 
and treating infections of, and the cytotoxic potential, of 
the HIV s. 

Other enveloped viruses that are particularly 
troublesome to effectively prevent and treat include other 
herpes viruses (such as Varicella-zoster virus, 
cytomegalovirus, Epstein-Barr virus and human herpes virus- 
6), the paramyxoviruses (such as human parainfluenza 
viruses), the family of orthomyxoviruses (such as the 
influenza type viruses ft and B), rotaviruses, coronav ir uses 
and retroviruses (such as Human T-cell leukemia virus~l 3 
bovine leukemia virus and simian immunodeficiency virus). 



It is well known that natural antimicrobial agent 



s are 
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contained in most natural external mammalian secretions. In 
particular, the nat ural ly— occur mg ant imicrobi al thiocyanate/ 
peroxidase/HeGo* systems present in saliva and in milk have 
been extensively studied. 

In saliva, an antimicrobial peroxidase— dependent system 
has been described which can generate hypothiocyanite 
< Q3CM- ) , as foil owe ; 



peroxidases 

H s O e -t- SCN~ — — > 0SCN~ - H a 0 

COram and Reiter, Biochern. J., 100 s 373-331 (1966) 5 Hogg and 
Jago, Biochern. J., 117s 779-790 (1970) $ and Carl ©son et al. , 
Infect. Irarouru , 44s 581-586 (1984)3. The peroxidases thought 
to be present in saliva that oxidize thiocyanate in this . 
system include salivary peroxidase and 1 act ©peroxidase* • R . 
sima lar ant imicrobial lactoperox idase- dependent system has 
also been identified in milk. COram and Reiter, Biochern. J- , 
1 00 : 33£ (1966)11. Indeed, it has been suggested that the same 
perox i dase/t h i ocyanat e/hydrogen perox ide system that operates 
in saliva also operates in milk, [see Klebanoff, S, J« f . c?t 
ai. , J. Dent Res. (supp. > p. 86 (1965). 1 

The antimicrobial efficiency of the 
thiocyanate/peroxidase/hydrogen peroxide system has been 
demonstrated "in vitro" against several bacteria known to be 
responsible for frequent destruction of teeth and /or 
periodontium TSee Carlsson, supra, and Courtois et al, , J.- 
Dent-. Res. 68 (spec, issue) :100£ (1989) ]. The antimicrobial 
efficiency of this system was also demonstrated "in vivo" in 
cases of aphtous lesions of the buccal mucosa CHoon endoorn 

'■ ' ■ "- 
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and P lessens, J. Oral Pathol., 16: 425-427 < 1987) 3. 

Unfortunately, the precise antimicrobal mechanism of the 
thiocyanatB/peroxidase/HaOa. system has not been definitely 
characterized. However, it is believed that at physiological 
pH, hypothiocyanite (generated by this system) mediates the 
oxidation of essential proteins and enzymes sulfhydryls 
groups of the bacteria, resulting in microbial inhibition. 
Additionally, it has been suggested that lactoperoxidase may 
be responsible for the formation of higher oxyacios of the 
thiocyanate ion, such as cyanosul f urous and cyanosuif uric 
acids, which may also be responsible for antimicrobial 
inhibition. CBjoerck, L. , and 0. Claesson, J. Dairy Sci. 
£3:919-921 (1980); Hogg, et al. , supra: and Pruifct, et al. , 
Biochemistry 21:582-567 C19B2) 3. 

It is also known to provide orally-activated 
antimicrobial dentifrices that contain a 

thiocyanate/peroxidase/hydrogen peroxide system. Upon oral 
administration, the enzyme-dependent systems in these 
antimicrobial dentifrices are activated by various components 
(such as oxygen and/or water) of the natural chemical 
environment of the oral cavity. In particular, United 
States Letters Patent No. 4,564,519 issued to Pellico et al., 
(hereinafter sometimes referred to as Pellico '519) discloses 
a di -enzymatic chewable orally-activated antimicrobial 
dentifrice that includes a thiocyanate salt and 
lactoperoxidase which, through interaction with hydrogen 
peroxide formed by another enzymatic system in the 
dentifrice, produces a bacterial inhibitor in the form of a 
negative, monovalent hypothiocyanite ion C0SCN-) whin exists 
in solution in acid-base equilibrium with hypothiocyanous 
acid (HOSCN) . 
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filso, in United States Letters Patent no. 4,576,817 
issued to Montgomery et al- , it was disclosed to provide 
antimicrobial enzymatic bandages and pads for disinfection 
purposes. These pads include a serum-activated 
oxidoreductase enzyme for producing hydrogen peroxide upon 
contact of the enzymatic materials with serum- In one 
embodiment, these antimicrobial bandages are formulated to 
also include a peroxidatic peroxidase, such as 
1 act o perox i d ase * 

In the journal BIDFUTUR -February, 1930, at page 52) , a 
system is disclosed having two enzymes that, in tandem, 
generates toxic radicals that may be useful for the treatment 
of various infections. This system includes glucose oxidase 
which, in the presence of glucose, generates H a 0 e . This 
system also includes a peroxidase which, with the HaOa, 
generates iodides that are highly toxic for the cell. 
Unfortunately, the precise mechanism of this toxicity is not 
known. It was further reported therein that this glucose 
oxidase/peroxidase system has been coupled to a monoclonal 
antibody against Candida albicans and has been found 
effective for protecting against such infections in mice. 
This glucose oxidase/peroxidase system has also been coupled 
to a monoclonal antibody for the epitope of the gp 120 
fraction of HIV and has been found to be effective 
against infections of Sach ar om vce s expressing this epitope. 

In the journal CLINICAL RESEARCH, vol. 3E, No. 5 (1988) 
at 309A, a 1 act operox i dase-ha 1 i de-hydrogen peroxide <LHHP> 
system was reported to be effective, in vitro , on respiratory 
syncytial virus (RSV) replication. It was also suggested 
that a myeloperoxidase-hal ide-peroxidase system (that plays 
an important role in host defense mechanisms against 
phagocytosed bacteria) may also have a role* -in- host defense 
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against RSV. 

Finally, in PCT patent application no. WO 8312457, the 
incorporation of rnyelooeroxidase with a carrier is disclosed 
for administration to humans for reinforcing the natural 
antibody activity thereof at the macrophage level. In this 
disclosure, purified myeloperoxidase is linked with a carrier 
that has an affinity for the macrophage, so that the carrier 
will transport the myeloperoxidase to where it may be 
captured and utilised oy the macrophage for antiDody defense. 
Carriers disclosed include antibodies, or fragments thereof 
that have an affinity for the macrophages. Other suggested 
carriers include particular liposomes and human serum 
albumin. Preferably, the myeloperoxidase and the linked 
carrier are formed utilizing recombinant DNfi technologies. 
Such a composition is provided to aid, augment and reinforce 
the bodies natural antibody defenses and is believed to be 
useful in combatting various infections, including HIV. 

Despite the long-standing coexistence of the knowledge 
of the properties of the peroxidases and the 
thiocyanate/peroxidase/hydrogen peroxide system, as well as 
the need for prophylatic and therapeutic medicaments for the 
prevention and treatment of infections of enveloped viruses 
(and in particular of herpes simplex and human 
immunodeficiency viruses), to the best of our knowledge no 
one has utilized medicaments incorporating such peroxidases 
or peroxide systems for the prevention or treatment of 
infections of enveloped viruses and, in particular, for the 
prevention and treatment of herpes simplex and human 
immunodeficiency virus infections. 

..Thus, it can be seen that there remains a need for 
prophylactic and therapeutic peroxidase medicaments which 
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prevent and /or treat infections of enveloped viruses, 
including BSV and HIV, and for prophylactic and therapeutic 
applications of peroxidases in a medicament that may be 
administered to an individual in need thereof without 
depending upon naturally-occurring concentrations of 
substrate, oxygen donors or peroxidases for their inhibitory 
effect. Finally, there remains a need for methods for the 
prevention and treatment of infections of enveloped viruses, 
including HSV s and HIV* s, by the administration of 
prophylactic and therapeutic effective amounts of such 
peroxidase medicaments to an individual in need thereof. 

.-- 

Summary Of The Invention 

It is a primary object of the present invention to 
provide uses < appl icat ions) for peroxidases in the 
formulation (manufacture) of medicaments for the prevention 
and treatment of enveloped viruses. 

It is another object of the present invention to 
provide prophyl act ic and therapeutic applications of 
peroxidases in medicaments for the prevention and treatment 
- - of infections of enveloped viruses, including herpes simplex 
and human immunodeficiency viruses. 

It is still another primary object of the present 
invention to provide prophylactic and therapeutic methods for 
viruses, by the administration of prophylactic and 
therapeutic effective amounts of peroxidase medicaments to 
individuals in need thereof- 

fts utilized herein, the term " prophy lact ic" refers 
variously to medicaments, amounts or quantities, methods, 
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uses and effects, etc., that prevent and/or aid in preventing 
infections of enveloped viruses and, in particular of the 
HSV's and the HIV s. As utilized herein, the term 
"therapeutic" refers variously to medicaments, amounts or 
quantities, methods, uses and effects, etc., that ameliorate 
infections of enveloped viruses and, in particular of the 
HSV's and the HIV's. 

In accordance with the teachings of the present 
invention, there are disclosed herein prophylactic and 
therapeutic applications of peroxidases in medicaments, and 
methods for the administration of the peroxidase medicaments, 
for the prevention and treatment of infections of enveloped 
viruses, including herpes simplex and human immunodeficiency 
viruses. 

The preferred peroxidase medicament (hereinafter 
sometimes referred to as the "peroxidase composition" or 
simply as the "composition") of the present invention, is a 
substantially self-contained antiviral system that may 
operate without depending upon natural ly-occuring "in vivo" 
compounds, or concentrations thereof, of the user thereof. 
This medicament includes? an oxygen donor, which is 
preferrably a glucose-glucose oxidase enzymatic system that 
generates hydrogen peroxide? a peroxidase, such as 
lactoperoxidase; and a substrate, chosen from a group 
consisting of halogens and pseudo-halogens. These peroxidase 
medicaments are formulated, such that comparatively short- 
term administration thereof as effective for the prevention 
and treatment of enveloped viruses, such as the HSV's and 
HIV s. Preferably, the concentrations and/or formulations of 

* 

these various components have been chosen to maximize oxygen 
donor and peroxidase-generated compound production, while 
simultaneously maintaining the oxygen donor concentrations at 
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leveis which do not impede with the activity of the 
peroxidase. 

It is noted that it is preferred to formulate the 
peroxidase medicaments of the present invention, so as to. 
include various components of, and mimic somewhat, the 
salivary t h i ocy anat e-per ox i d ase system. Such a formulation 
is preferred since the components thereof would be genuine 
components of human external secretions. This formulation is 
further preferred since the antiviral activity thereof can 
possibly be further enhanced through the absorption of 
foods enriched with any of the various components thereof- 

Accordingly, the present invention most preferably r 
provides substantially self-contained hypoth iocyanite-- 
generating, prophylactic and therapeutic 

perox idase/thiocyanate/hydrogen peroxide medicaments that may 
be applied and utilized without depending upon the users 
natural ly-oc curing "in vivo" oral concentrations thereof, for 
the prevention and treatment of infections of enveloped 
viruses. 

Other enveloped viruses to be prevented and /or treated 
by the peroxidase medicaments of the present invention 
include the paramyxoviruses (such as human parainfluenza-' 
viruses), the family of orthomyxoviruses (such as the 
influenza type viruses A and B) , rotaviruses, eoronavi ruses, 
herpes viruses (such as Varicella-zoster virus, 
cytomegalovirus, Epstein— Barr virus and HHVfc) and 
retroviruses (such as Human T— cell leukemia virus- I, bovine 
leukemia virus and SIv*K 

In still further accordance with the teachings of the 
present invention, there is disclosed a method for the . 
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prevention and treatment of infect ions of enveiopea viruses, 
such as herpes simplex viruses and human immunodeficiency 
viruses. This method involves the administration of 
prophylactic and therapeutic effective amounts of the 
peroxidase medicaments of the present invention to an 
individual in need thereof. 

These and other objects of the present invention will 
become apparent from the following specification, when taken 
in conjunction with the enclosed figures. 



Brief Description Df The Drawings 

Figure 1 is a bar chav-t diagrammatical ly representing 
the results obtained after £0, 30 and 120 minutes of 
pretreat rrient of HSV-1 with the perox i dase/th iocyanat e/hydrogen 
peroxide system of the medicaments of the present invention. 

Figure £ is a line chart d iagrammat ical ly representing 
the results obtained of growth of HI V-generated p£4 in 
lymphocyte cultures in the supernatant after treatment with 
the peroxi dase/th iocyanat e/hydrogen peroxide system of the 
medicaments of the present invention. 

Figure 3 is a line chart d iagrammat ical ly illustrating 
the results obtained of intracellular growth of p£4 per 10* 
cells after treatment with the per ox idase/th iocyanat e/hydrogen 
peroxide system of the medicaments of the present invention. 

Figure 4 is a line chart d iagrammat ical ly illustrating 
the results of lactoperoxiriase and myeloperoxidase assays. 
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Description Of The Invention 

The peroxidase medicaments of the present invention 
include a peroxidase. Preferably, the peroxidase medicaments 
include peroxidase/ox idi zable substrate/oxygen donor system 
that exhibits antiviral properties against enveloped viruses, 
including HSV' s and HIV s. In these antiviral medicaments, 
peroxidase catalyzes oxidation of the substrate »;& halogen or 
pseudo-halogen) by the oxygen donor (a peroxide) to form 
negat ivel y —charged, monovalent oxidizing compounds. The 
medicaments may be formulates for prophylactic and /or 
therapeutic purposes, as desired and needed, for permitting 
the administration of prophylactic and/or therapeutic 
effective amounts thereof to an individual in need thereof 
for preventing and/or treating infections of enveloped 
v i r uses, s uch as the HSv* 1 s and the HIV 1 s. 

The peroxidase medicaments of the present invention .are 
also useful for prophylactic and therapeutic applications 
against infections of enveloped viruses, such as 
paramyxoviruses, the family of orthomyxoviruses* rotaviruses, 
coronavi ruses, herpes viruses (such as varicella-zoster 
virus, cytomegalovirus, Epst ein-HBarr virus and human herpes 
virus— 6) and retroviruses <such as human T— cell virus-i, 
bovine leukemia virus and simian immunodeficiency virus). 

The substrate of the medicaments of the present 
invention is chosen from a group consisting of negatively- 
cnarged halogens, and their derivatives, and negatively- 
charged pseudo-halogens, and their derivatives. The term 
"halogens" refers to certain of those elements, in their 
negatively-charged monovalent states, that belong to Group 
VII of the Periodic Table of Elements and, as is well known 
to those skilled in the art, includes bromide, chloride and 
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iodide. The term " pseudo-halogens" refers to certain 
negatively-charged ions and ionic compounds that are 
monovalent. The « pseudo-halogens" of the present invention 
include the thiocyanate salts, such as sodium thiocyanate, 
potassium thiocyanate, ammonium thiocyanate, ferric 
thiocyanate and mixtures thereof. These substrates and their 
— iv.Mv« are a bl8 to „. e»t. S cte. ablated, ,™ 
material (for example, saliva and human milk) or produced by 
natural or chemical methods, all of which are well known to 
those skilled in the art. 

The peroxidases in the medicaments of the present 
invention catalyze the oxidation of the substrate by the 
oxygen donor for generating the oxidizing compounds. These 
peroxidases include plant (vegetable) peroxidases, such as 
horseradish peroxidase, and mammalian peroxidases, such as 
salivary peroxidases, 1 act ©peroxidases, myeloperoxidases and 
eosinophil peroxidase. The peroxidases for the medicaments 
of the present invention may be extracted, by methods and 
techniques well known to those skilled in the art, from 
natural milieu, such as those peroxidases extracted from 
horseradish and saliva Cfor example, as described in Mansson- 
Rahemtulla et al. , Biochemistry, £7: £22-239 <i9SB)3, as well 
aE the la *toperoxidases extracted from milk derivatives 
(i.e., whey) and myeloperoxidases produced by leukocytes. 
These peroxidases also include those peroxidases (including 
myeloperoxidases) that are produced by recombinant DNA 
techniques, also well known to those skilled in the art. 

CAs utilized herein, the term »• Internat ional Umt<s>" 
identifies that amount of the enzyme that will effect 
catalysis of 1 micromole of substrate per minute at pH 7 and 
£5*C. Enzymes are supplied in dry or liquid form with the 
label specifying the concentration in IIP s on a per gram or 
per milliliter basis, as appropiate. 3 
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Lactoperox idase is a g lycoprot air? which, in one 
commercial embodiment is a lyophilized powder derived from 
milk. This commercial peroxidase has an activity of BO 
International Units (hereinafter sometimes -rBTB-r^sd to as 
ID 1 b) and a projected molecular weight of 93,000 for L~ 
Tyrosine I odi nation. The physical-chemical properties 
reported for lactoperox idase includes: a molecular weight of 
73,000; partial specific volume 0.74? and heme/ male 1.0. 

Salivary peroxidase is a glycoprotein which may be 
derived from the saliva or the acini of the parotid glands. 
The chemical characteristics of salivary peroxidase are not 
well known. However, the physical-chemical properties 
reported for salivary peroxidase includes a molecular weight 
ranging from approximately 80,000-100,000. 

Myeloperoxidase is also a glycoprotein. In one 
commercial embodiment (from SIGMA corp., St. Louis, Missouri, 
U.S.A.), myeloperoxidase may be obtained from human 
leukocytes, being lyophilized from 0.02 M sodium acetate 
buffer. This commercial embodiment has an activity of 40-100 

1 . U . ' S . 

Horseradish peroxidase is a glycoprotein. In one 
commercial embodiment (SIGMA, corp., St- Louis, Mo., U.S.A.), 
it is an essentially salt free powder. This commercial 
embodiment has an activity of £50-330 units per mg. solid. 
Preliminary studies of this embodiment have indicated the 
presence of two basic and no acidic isoenzymes therein. CAs 
utilised herein, the term "unit 11 refers to that amount of the 
horseradish peroxidase that will form 1.0 mg purpurogal 1 in in 
£0 sec. at pH 6.0 at £0*C. This purpurogal 1 in (20 sec. ) unit 
is equivalent to approx. 18 uM units per min. at 25°C. 3 
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Examples of the pref erred peroKidase/suDSurate 
combinations to utilize in the medicament of the present 
invention are set forth below in Table IA: 



TABLE I A 



Peroxidase 



U) 
<£) 
<3) 
(4) 
<5) 



Sal ivary peroxidase 
Lact operox idase 
Mye 1 operox i d ase 
Horserad i sh peroxidase 
Plant peroxidase 



Substrates 



thiocyanate, iodide 
t h i ocy an ate, i od i d e 
chloride, iodide, thiocyanate 
chloriae, iodide 
chloride, iodide, Dromxde 



The reactions of representative enzyme systems from 
Table I A (in the presence of a peroxide -which for purposes 
of illustration herein, will be hydrogen peroxide- from the 
oxygen donor) to produce either a hypohalite or hypo- 
thiocyanite compound, are set forth in Table IB, as follows: 



aa) Salivary peroxidase catalyzes the interaction of 
thiocyanate and hydrogen peroxide to produce hypothiocvanite 
and water | 

(lb) Salivary peroxidase catalyzes the interaction of iodide 
and hydrogen peroxide to produce hypoiodite and water; 

C£a) Lact operox idase catalyzes the interaction of thiocyanate 
and hydrogen peroxide to produce hypothiocyamt e and water; 

CSb) Lact operox idase catalyzes the interaction of iodide and 
hydrogen peroxide to produce hypoiodite and water; 

(3a) Myeloperoxidase catalyzes the interaction of chloride 
and hydrogen peroxide to produce hypochlorite and water? 

(3b> Myeloperoxidase catalyzes the interaction of iodide and 
hydrogen peroxide to produce hypoiodite and water; 

(3c) Myeloperoxidase catalyzes the interaction of thiocvanate 
and hydrogen peroxide to produce hypothiocyani t e and water; 

<4a) Horseradish peroxidase catalyzes the interaction of 
chloride and hydrogen peroxide to produce hypochlorite and 
water; 
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. Table IB continued , ■ 

(4b> Horseradish peroxidase catalyzes the interaction of 
iodide and hydrogen peroxide to produce hypoiodite and water; 
(5a) Plant peroxidases catalyze the interaction of chloride 
and hydrogen peroxide to produce hypochlorite and waters 
(5b) Plant peroxidases catalyse the interaction of iodide and 
hydrogen peroxide to produce hypoiodite and water $ and 
(5c) Plant peroxidases catalyze the interaction of bromide 
and nydrogen peroxide to produce hypobromite and water. 



The oxygen donor of the present invention provides 
(supplies) the peroxide (for example, hydrogen peroxide) in 
the medicament necessary for oxidation of the substrate. 

Preferably, the oxygen donor is an enzymatic system 
including a substrate, an enzyme specific to such substrate 
^and other necessary reactants, such as. water and/or oxygen 
and/or hydrogen. Alternatively, microorganisms^ such as the 
Steptococci and Lactobacilli that are commonly referred to as 
lactic acid bacteria may be utilized in the medicaments of 
the present invention to supply the peroxide (in the form of 
hydrogen peroxide). Specific examples of such lactic acid 
bacteria include Lact obacci 1 1 us casei and Streptococcus 
faecal is and Streptococcus ntutans. Use of such 
microorganisms (microbes) is especial ly preferred in the 
medicaments formulated for use as a vaginal cream for topical 
application. 

It is also contemplated herein that inorganic peroxides 
(such as sodium peroxide and magnesium peroxide) or organic 
peroxides (such as benzyl peroxide and urea peroxide) may be 
utilized. Also, chemicals that, upon reaction,, produce 
hydrogen peroxide may be utilized. Indeed, even hydrogen 
peroxide it sel f may be utilized as the oxygen donor- The 
precise oxygen donor to be utilized will vary depending upon 
several factors, including the formulation into which the 
medicament is to be made for administrat ion. 
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Most preferably, the oxygen donor is an enzymatic system 
including an oxidizable substrate, an oxidoreductase enzyme 
z-p&cific to such substrate and other necessary reactants, 
such as oxygen and/or water. Examples of such oxidizable 
substrates, and oxidoreductase enzymes specific therefor, 
include those enumerated in United States Patent No. 
4,5£4,519 issued to Pellico et al. (hereinafter referred to as 
Pel lice- '513). Such examples are set forth below in Table lift 



Oxidizable 
Substrate 



el 

<b 
<c 
<d 
<e 
if 

<g 

<h 
(i 

<j 
<k 

(12 



B-D-glucose . 

D-galactose 

ur at e 

chol ine 

D-amino acids* 

D-glutamate 

glycine 

glycollate 
L— sorbose 
primary alcohol 
primary amine 
N0D<P)H 



Oxidoreduct 

_ Enzvrne__ 

glucose oxidase , 
galactose oxidase 
urate oxidase 
choline oxidase 
D-amino acid oxidase 
D—g 1 ut amat e ox i dase 
glycine oxidase 
glycollate oxidase 
L-sorbose oxidase 
alcohol oxidase 
amine oxidase 

ox i dase 



Other 
Reactants . 
Water, Oxygen 

Oxygen 
Water, Oxygen 

Oxygen 
Water, Oxygen 
Water, Oxygen 
Water, Oxygen 
Water, Oxygen 



1 D-amino acids includes D isomers of proline, 
methionine, isoleucine, alanine, valine and phenylalanine. 



The reactions of representative enzyme systems from 
Table lift to produce hydrogen peroxide are set forth in Table 
IIB. 




<a) Glucose oxidase catalyzes the interaction of Beta-D- 
glucoM, water and oxygen to produce hydrogen peroxide and 
gluconic acid 5 

<b) Galactose oxidase catalyzes the interaction of D- 

M 
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. TABLE I IB cont i nued ; 

galactose and oxygen to produce hydrogen peroxide and D- 
ga 1 act o-hexo-d i aldose? 

(c) Urate oxidase catalyzes the interaction of urate, water 
and oxygen to produce hydrogen peroxide, allantoic and carbon 
dioxide? 

(d> Choline oxidase catalyses the interaction of choline and 
oxygen to produce hydrogen peroxide and betaine aldehyde; 
*e> D-amino acid oxidase catalyzes the interaction of D-arnino 
acids, such as the D-isomers of proline, methionine, 
isoleucine, alanine, valine and phenylalanine together with 
water and oxygen to produce hydrogen peroxide, ammonia and 
the corresponding, alpha-keto acids; 

(f) D-glutamate oxidase catalyzes the interaction of D- 
glutamate, water and oxygen to produce hydrogen peroxide, 
ammon i a and £— ox og 1 ut ar at e ; and 

(g) Glycine oxidase catalyzes the interaction of glycine, 
water and oxygen to produce hydrogen peroxide, ammonia and 
glyoxylic acid. 



The characteristics of representative oxidoreduct ase 
enzymes identified in Table lift, from specific sources, are 
recited in Pellico '519, which recitations relating to these 
characteristics are hereby incorporated herein as part hereof. 

Most preferably, the peroxidase medicaments of the 
present invention include either 1 actoperox idase or 
myeloperoxidase in combination with a thiocyanate <SCN~) 
substrate and of a glucose/glucose oxidase enzymatic system 
oxygen donor. 

It is preferred that the above-mentioned 
peroxidase/substrate/peroxide systems be formulated into the 
prophylactic and therapeutic medicaments for 11 in vivo" use as 
a substantially self-contained system that may be applied or 
used substantially without depending upon the users 
natural ly— occurring "in vivo" concentrations of substrate, 
oxygen donors, peroxidases or other ingredients. 
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It is rioted that the effectiveness of the peroxidase 
medicaments of the present invention may be effected by the 
natural ly-occuring environment in which the medicament is to 
be administered. For example, in the human mouth, the 
concentration of hydrogen peroxide varies as a direct 
function of biological production and salivary flow. When 
salivary flow is at a diminished level, either as a natural 
event or as an event arising out of certain types of medical 
treatment, the oral concentrations of various elements, such 
as potassium thiocyanate and peroxidase, will be 
correspondingly reduced. This, in turn, may be a limiting 
factor in the prophylactic or therapeutic effectiveness of 
the medicament when it is orally administered. Moreover, 
when the oral concentration of peroxidase is suppressed 
through diminished salivary flow, oral concentrations of 
hydrogen peroxide may increase to a threshold level, wherein 
the hydrogen peroxide can impede the effectiveness of 
peroxidase of the medicament. 

Accordingly, it can be seen that the concentrations of 
the substrate, oxygen donor and peroxidase in the medicaments 
described above should be adjusted and controlled to 
harmonize hydrogen peroxide and peroxidase concentrations, so 

a 

as to limit the hydrogen peroxide concentrations to levels 
which do not impede with the activity of the peroxidase. 

Cfis utilized herein, the term millimole identifies that 
quantity in grams corresponding to the molecular weight of 
the medicament divided by one thousand. 3 

When the oxygen donor is hydrogen peroxide itself, it is 
generally present in the medicament of the present invention 
in an amount from about £ to about 300 millimole per gram or 
per milliliter of medicament and, preferably, from about 3 to 
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a bo ut 30 millimole per gram or per milliliter of medicament. 

In the event the oxygen donor is an oxidizable substrate 
and an oxidoreductase enzyme specific to the substrate, then 
the oxidizable substrate is generally present in the 
peroxidase medicament in an amount from about 0 .015 to about 
0*6 millimole per gram or per milliliter of medicament and, 
preferably, from about 0.025 to about 0.1 millimole per gram 
or per milliliter of medicament while the oxidoreduct ase is 
generally present in the medicament in an amount from aoout 
0.5 to about 500 IU 1 s per gram or per milliliter of the 
medicament and, preferably, from about 1.0 to about 40 XU per 
gram or per milliliter of the medicament. 

In the event the oxygen donor, is an organic or inorganic 
peroxide, then such peroxide is generally present in the 
medicament in an amount from about 0-000006 to about O- & 
millimole per gram or per* milliliter of medicament and, 
preferably, from about 0.00006 to about 0-06 millimole per 
gram or per milliliter of medicament. 

The substrate is generally present in the medicament in 
an amount ranging from about 0. 0000008 to about 0.01 
milli mo 1 e per gram or per millilit er of med i carnent and « 
preferably, from about 0. OOOOOS to about 0.006 millimole per 
gram or pet^ milliliter of -medicament. 

In the event that the substrate is a thiocyanate salt (a 
pseudo-halogen), then it is generally present in the 
medicament in an amount from about 0.0001 to about 0. 01 
millimole per gram or per milliliter of medicament and, 
preferably, from about 0.001 to about 0.006 millimole per 
gram or per milliliter of medicament. Care should be taken 
in f ormulat ing the medicament, so as to avoid the use of 
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metal compounds which inhibit or impair the effectiveness of 
the enzymes. 

In the event that the substrate is a halogen, then it is 
generally present in the medicament in an amount from about 
0. 0000008 to about 0.008 rnillimole per gram or milliliter of 
medicament and, preferably, from about 0.000008 to about 
0.004 rnillimole per gram or per milliliter of medicament. 

The peroxidase is generally present in the medicaments 
in an amount from about 0.01 to about 50 IU per gram or per 
milliliter of medicament and, preferably, in an amount from 
about 0. 2 to about A. 0 IU per gram or per milliliter of 
medicament. 

It is noted that, if desired, the peroxidase medicament 
may be formulated for "in vivo" use as a system that relies 
upon certain naturally-occurring "in vivo" concentrations of 
any one or combination of compounds of the system for 
obtaining the peroxidase-generated antiviral compound. 

The antiviral prophylactic and therapeutic qualities of 
the peroxidase medicaments of the present invention may be 
dependent on the concentration of compounds that are produced 
by the formulation of the medicament of the present 
invention. The produced concentrations of these compounds 
may vary between 1 micro molar and 100 millimolar, with 
concentrations of between 5 micro molar and 1 millimolar 
being preferred. For achieving this, the concentration of 
peroxidase units relative to the concentrations of the oxygen 
donor and/or of the substrate is able to be varied ovc* a 
large range. 
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The presence of water promotes the ox id at 1 on/red uct ion- 
react ions of the peroxidase medicaments of this invention. 
It also is a react ant in certain reactions. Thus, preferably 
the use of water in formulating the said medicaments should 
be at a relatively low concentration levels in order to 
impart maximum stability and shelf life thereto. 

Where the products of the activated enzyme systems in 
the medicaments include a weak organic acid, it is 
advantageous to formulate the medicament with a buffering 
agent to neutralize the organic acid. A suitable buffering 
agent is sodium bicarbonate. 

In this regard, it is preferred that the peroxidase ■ ' ■ 
medicaments of the present invention should be formulated, so 
as to have a pH that substantially approximates physiological 
pH. In particular, it is preferred that the medicaments of 
the present invention have a pH ranging from 4.5 to £.5, with 
a pH of from 6 to &- 5 being especially preferred. 

It is to be understood that to be formulated as a self- 
contained active medicament, the ingredients of the 
medicament must be disposed together in the formulation with 
at least some of the ingredients thereof being raaintained_ 
chemically-separated from one another until the use thereof. 
For example, the peroxidase, oxygen donors (the oxygen donor 
enzymatic systems or the microorganisms) may be immobilized 
or microencapsulated, so that until the use thereof, they 
will not react with one another. If none of the substances 
of the systems described above are destroyed or inhibited by 
any ingredients, the medicament will have activity against 
enveloped viruses, including herpes simplex viruses and HIV s 

The peroxidase medicaments of the present invention may 
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be formulated with a pharmaceu-c ical 1 y-acceptable carrier in 
any suitable manner desired for administration in the 
particular situation. For example, the medicaments may be 
formulated as a dentifrice <such as a chewing gum, mouthwash, 
toothpaste, spray, lozenge or edible bonbon) for oral 
administration in the treatment of mouth infections. 
Alternatively, the medicaments may be formulated in a topical 
formulation (such as a spray, gel, cream, eye drops, shampoo, 
etc.) and/or incorporated in a bandage or a pad for topical 
administration to the skin, eyes, hair, etc., of individuals 
in need thereof. Finally, the medicaments may also ce 
formulated as an injectable solution for internal application, 

Formulations, equipment and processing techniques have 
been well developed and are well known in the art for 
preparing and packaging the medicaments of the present 
invention as either topical, oral or injectable formulations. 
The peroxidase/substrate/peroxide systems in the medicaments 
of this invention are adapted to be incorporated into these 
formulations. However, the enzymes described herein are 
subject to degradation and inact i vat ion under conditions such 
as high shear and elevated temperatures. Accordingly, 
processing conditions should be controlled during the time 
span that the enzymes are being admixed with the other 
ingredients of the formulation of the medicaments and 
converted into finished products, so that the temperature 
does not rise above 55*C. for any extended period of time. 

In order to enhance shelf stability, the admixture used 
in the preparation of the formulations of the peroxidase 
medicaments of the present invention should be substantially 
free of unbound water and the finished product should be 
packaged in a manner, so as to minimize exposure to air and 
moisture. 
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The peroxidase medicaments of the present invent ion will 
better understood by reference to the following examples, 
which are illustrative only and are not meant to be limiting 
in any manners 

EXAMPLE I 

Illustrative base formulations for pharmaceut ica-1 ly- 
acceptable carriers for the peroxidase medicaments to oe 



formulated with as a 


dent i f r i ce for or a 1 


adm i n i st rat i on 


, men 


as a chewing gum and 


chewable tablets and 


lozenges are 




forth in Table III, 

• 


as follows: 










TABLE 


III 




m 




■ 


Weipht , 


Percent 


w 


Innredients 


(a) 


Cb) 


(c) 


<d> 


Sorbitol, crystalline 75 




96 




Corn sugar 




75 : 




70 


Gum base 


1 - * 








F 1 avor 


1 


1 


1 


1 


Co 1 or 


0. 5 


0. 5 


0. 5 


0.5 


Buffer 






0. 5 


0/5 ' 


Sacch ar in, sod i urn 
• 


0- 005 




0. 005 


* 



In Table III, formulations Ca) and Cb) illustrate 
pharmaceutical ly-accept able carriers in the form of chewing 
gum compositions while formulations (c) and <d) illustrate 
pharmaceutical ly-accept able carriers in the form of tablet 
and lozenge compositions. Aspartame can be substituted for 
sodium saccharin in these formulations. 

The following examples show varying ingredients and 
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Ml 



concs.ntr.tion lev eiE which can be used in the preparation r, 
dentifrices for providing the prophylactic and therapeutic 

effective amounts for nrai admi^e^^^ 

" rai aoimnistration according to the 

present a nvent i on s 



TABLE IV 



rams 




Chewing Gum 

Sor b i t o 1 , Cry st a 1 1 i ne 

Gum base 

Glycerol 

Fl avor 

Col or 

Sodium Bicarbonate 



70 


70 


70 




Lw 


W tm-t 


5 


5 


5 


i 


I 


i 


Om 5 


0. 5 


0. 5 


0. 5 


0. 5 


p. 5 


100. 0 


too. 0 


100. 0 



Peroxidase/Subst rate/Peroxide System 

iPe*" IQOq. chewing sum) 



Glucose oxidase 
B-D glucose 
Choline oxidase 
Choi me 

D-g 1 ut a mat e ox i d ase 
D— glut amate 
Lacto per ox id ase 
Potassium thiocyanate 
Sodium thiocyanate 



40,000 IU 
1.0 g 



4,000 2U 
0.01 g 



8 5 000 IU 
1.0 g 



1,500 IU 
0.005 g 



£,500 IU 

0. 1 g 
1, 000 IU 

0.01 g 



TABLE V 




Chewing Bum 

Sor b i t o 1 , Cry st . 

Gum Base 

Glycerol 

Fl avor 

Color 

Sodium Bicarbonate 




43 


43 


43 


£0 


£0 


SO 






£5 


1 


1 


1 


0. 5 


0. 5 


0. 5 


p. 5 


ft. 5 


0. 5 


100.0 


100. 0 


100. o 
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TABLE V corit i nued 



Peroxidase/Subst rate/Peroxide System 
(oer 100 g chewma nurn) 



per 

D-Amino acid oxidase 
D-Alanine 
Glucose oxidase 
B-D-G1 ucose 
Lact o per ox i d ase 
Potassium thiocyanate 
Sodium thiocyanate 
Sodium ascc^bate 



5,000 IU 
0- 1 g 



500 IU 
0.01 g 



£0, 000 IU £, 000 IU 

0.5 g 0*5 g 

£, 500 IU 1,000 IU 

0. 01 g 0- 005 g 

0.01 g 



TABLE VI 



6A 



Weight, prams 



SB 



6C 



Lozenge 

Sor b i t o 1 , Cry st alii ne 

Glycerol 

F 1 a vor 

Color 

Sodium Bicarbonate 



97 

1 
1 

0. 5 
0. 5 
10O. o 



37 
1 



Q. 5 



0, 



100. 0 



97 

1 

1 

0. 5 
0. 5 
100. 0 



Potassium thiocyanate 
Sodium thiocyanate 



10,000 IU 
1.0 g 



Peroxidase/Subst rate/Peroxide System 

(per IQOg. lozenge) _ 

Glucose oxidase 
B-D glucose 
Choline oxidase 
Choi ine 
Urate oxidase 
Urate 

Lact o per ox idase 



£00 IU 
0. 05 s 



10,000 IU 

0. 75 g 

£00 IU 

0- 03 g 



£, 000 IU 
0. 5 g 



1 , 500 I U 
0. 01 . g 
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TABLE VII 



Weight, araws 




Lozenoe 

Sor b i t © 1 , Cryst a 1 1 i ne 
Corn sugar 
F 1 avor 
Color 

Sodi urn Bicarbonate 



ao 

17 

1 

O. 5 

Om 5 

100. 0 



Peroxidase/Substra-ce/ Peroxide System 
(per IQOq, lozenng) " 

Glucose oxidase 

B-D glucose — 

D-glutamate oxidase 

D-glutamate 

Lact operox i d ase 

Potassium thiocyanate 

Sodium thiocyanate 



10, 000 
0. 05 
1 f 500 
0- 001 



IU 



IU 



80 
17 
1 

0. 5 
On 5 

100, 0 



a, ooo iu 

b. 005 g 



B0 
17 
1 

0. 5 
0, 5 

100. 0 



5,000 IU 1,000 IU 
0.5 g 1 g 



1,000 2U 
0.005 g 



EXAMPLE II 



Illustrative base formulations for pharmaceut ically- 
acceptable carriers for the peroxidase medicaments of the 
present invention to be formulated as a topical medicament 
for topical administration, such as a cream, a gel or to be 
incorporated in a bandage or pad, are set forth in Table 
VIII, as follows; 
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TABLE Mill 



weight. Percent 



Ingredient 



(a) 



(b) 



Deionizeri water 
Corn Starch 1 
Lubrajel DV** 
Aloe vera 
Natrosol £50 M 3 
Xy 1 itol 
Cirami N. 1* 
Sunflower Oil 
Vitamin E 
Tensami 4/07* 
Tensami 1/05^ 
Bronopol 
Myacide SP* 
Propylene Glycol 



19. 02 
38. 04 
38. 04 

0. 0000 £1 

0. 1 

4„7& 



£0. 0 



£0- 0 
40. 0 
0. 0\ 

w. v 

3. 0 
£. 0 
£. 0 
10. 0 



1 An example of such a com starch is the hydrogenated 
starch solution marketed under the name HYSTAR TPF by Pi 1 ban 
Muller Internat ional, Montreuil, France. 

522 Lubragel DV is a Glycerine and acrylic solution 
marketed by Alban Muller International* Montreuil, France. 

3 Natrosol £50 M is a hydroxyethycel lulose marketed by 
Aqualon, Inc., of Hopewell, Virgin*, U.S.A. 

+ Cirami N. 1, Tensami 4/07, Tensami 1/05, Bronopoi arid 
Myacide BP are all marketed by Alban Muller International, 
Mont reu i 1 , France. 



In Table VIII, formulation (a) illustrates 
pharrnaceut ical ly-accept able carriers in the form of a gel * 
and (b> illustrates pharmaceut ical ly-accept able carriers iri 
the form of a cream* 

The following Tables show varying ingredients and 
prophylactic and therapeutic effective amounts (quantities) 
which can be used in the preparation of topical peroxidase 
medicaments, according to the present inventions 
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TABLE IX 



Ingredient s 
Gel 

Dei on i zed water 
Corn Starch 
Lubrajel DV 
Aloe vera 
Natroso 1 £50 M 
Xylitol 



Peroxidase/Subst rate/Peroxide System 
<per 100 □ Gel) . 

Glucose oxidase 

B-D Glucose 

_ Choline oxidase 

Choi ine 

Lacteroperoxidase 
Potassium thiocyanate 
Sodium thiocyanate 



Weight, oram* 



13. 03 
38. 054 
38. 054 
0.001 
0. 1 
4.7B 
100- 00 



10,000 iu 
1.0 g 



£00 IU 
0.05 g 



9B 



1 9. 03 
38. 054 
38. 054 
0. 001 

Op 1 

4. 7£ 
10O. 00 



8,000 IU 

1. 0 g 
1,500 IU 
0.005 g 




Ingredient s 
Cream 

De ionized Water 
Cirami N. 
Sunflower Oil 
Vitamin E 
Tensarni 4/07 
Tensami 1/05 
Bronopol 
Myacide SP 
Propylene Glycol 



Weight, a rams 



1 Oft 


10B 


IOC . 


Ell . 5 1 


21. 51 


£1. 51 


20. 0 


£0. 0 


20. 0 


40. 0 


40. 0 


40. 0 


0. 04 


0. 04 


0. 04 


2. 0 


2. 0 


2. 0 


3. 0 




3. 0 


c!« 0 


2. 0 


2. 0 


2. 0 


2. 0 


dm 0 


10, 0 


10. 0 


10. 0 


100. 00 


100. 00 


100. 00 



Perox i dase/Subst rat e/Pero xide Syst em 
<per 100 g Cream) 



Glucose oxidase 
B-D glucose 
D-Amino acid oxidase 



5,000 IU 
0.5 d 



5,000 IU 
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T A BLE X cont irmed. 



D-Al anine 
Urate oxidase 
Urat e 

Lact operox i dase 
Potassium thiocyanate 
Sodium thiocyariate 



£, 000 
0. 005 p 



0„ 1 g " 

10,000 IU 

— — 0 b 75 g 

500 IU £00 I U 

0.0i g 0,08 g 



EXAMPLE III 

Illustrative formulations for pnarmaceut ical ly- 
acceptable carriers for the peroxidase medicaments of the 
present invention to be formulated as an eye wash solution . 
for topical administration as an eye drop or an eye wash, are 
set forth in Table XI, as follows! 



TABLE XI 



I nqredient s 



Sorbic ftcid 0. 0025# 
Purified Water 
Boric acid 

Sodium Borate (Hydrated 10 H^0) 

Sodium ch 1 or i d e 

Benza 1 koni urn ch 1 or i d e 1 

Ed et at e d i sod i urn * 



UJeioht, Percent 



Ca) 



99.4 
0. 018 
0* 0015 
0. 0085 
0.0001 
0- 001 



0. 0 
90.1 ■ 
0.0176 
0. 0013 



1 Benzalkomum chloride and Edetate disodium are added as 
preservatives. 



The following Table shows the varying ingredients and 
the prophylactic and therapeutic effective amounts 
(quantities) which can be used in the preparation of eye wash 
medicaments, according to the present inventions 
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TftBLE XII 



Ingredient 

Glucose oxidase 
Gl ucose 

Lactoperox i dase 
Potassium thiocyanate 



ftmounts per 5 ml Eve W ash 1 

£, SCO units* 5 
SO -mi 1 1 i grams 
150,000 ABTS units- 
£00 micrograms 



The eye wash solution is a 5 ml solution of: 90 

milligrams of Boric acid; 6. 6 milligrams of hyarated 
sodium borate (10 H B 0) 5 £500 units Vitamin A and 0. 1£5 
ug of sorbic acid 0.0025*/. 

As utilized in this example, the term "unit" of Glucose 
oxidase identifies that amount of Glucose oxidase that 
oxidizes 3.0 milligram glucose to gluconic acia in one 
minute at pH 5.10 and 37*C, The assay conditions are set 
forth in Assay method FS £50 of Finnish Sugar Co. Ltd., 
of Finland. In this Example, 1 milligram of glucose 
oxidase has" arr activity of 100-1 SO units at 37*C at pH 5. 

As utilized herein, the term "ABTS units" identifies that 
amount of 1 act operoxi dase that catalyzes the oxidation of 
ImM of the ABTS substrate E£, £' -Azino-bis (3- 
Ethylbenzthiazoline-B-Sulfonic Acid>3 in one minute at pH 
5 and 37*C. The assay conditions are set forth by 
Mansson-Raherntulla, B. , et al., Biochemistry . Vol. £7, 
at pages £33-239 U98S). In this Example, 1 milligram of 
lactoperox idase has an activity of £00 ABTS units at 37*C 
and 5 pH. 



The composition is formulated separately m two parts, 
which, before application, are combined and shaken to 
dissolve and mix the two parts. 

The first part is a mixture of the lactoperox idase and 
the glucose oxidase. The second part is a 5 ml solution of 
the boric acid, hydrated sodium borate (10 H a 0), vitamin A, 
0.0025/. sorbic acid, potassium thiocyanate, water and 
glucose. The 5 ml solution <the second part) is mixed with 
the first part and shaken to dissolve the powder. 
Administration may be made as normal eye drops. 
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EXAMPLE IV 

An illustrative base formulation for a pharmaceut ical ly- 
accept able carrier for the peroxidase med icament s to be 
formulated as an injectable composition (solution) for 
internal (injectable) administration. The base composition 
is a buffer solution (pH 7) of 0.15 molar sodium chloride and 
SO rnillimolar sodium phosphate. To this composition 30 units 
of myeloperoxidase is added and the solution is mined to form 
the medicament. Cfis utilized in this Example, a unit refers 
to that quantity of the enzyme necessary for catalysing the 
increase of I unit of absorbance at 470 nm in one minute at 
room temperature using auto-aiamsidine, see Krawicz, et al.. 
Gastroenterology , vol. 37, pps. 1344-1350 (1984). In this 
context, 1 microgram equals 1 unit 3. 

A prophylatic or therapeutic effective amount (for 
example, approximately 0.5 ml) of this medicament is then 
administered to a patient in need thereof. Preferably, this 
administration will be by intramuscular injection. 

It is noted that this same solution may be used as a 
sprayjwhen nebulized as normally authorized. 



EXAMPLE V 

This example shows the effectiveness of the 
perox idase/ substrate/ peroxide system of the peroxidase 
medicaments of the present invention against an enveloped 
virus and, in particular, against herpes simplex virus-i, 
The perox i dase/subst rat e/perox ide system of the peroxidase 
medicaments was prepared having the formulation set forward 
in Table XIII below j 
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Inqred 1 ent 

Glucose oxidase 

G 1 ucose 

SCN~ 

Lact operoK i d ase 



Amounts per 100 ml buffer solu t ion* 

0. 02 m i 1 1 i grams 

1. £0 millimoies 
0. OS millimoies 
4,00 milligrams 



The buffer solution is a Hank' s-Balaneed Salt Solution that 
is calcium, magnesium and glucose free. The pH of the buffer 
solution is 7.4. The weights of the contents of the HBSS 
toufrer solution is as follows, for every 1000 ml of distilled 
water: a grams NaCl ? 0.4 grams KC1 ; 0.06 grams Na*HPCUs 
and 0,06 grams of KH&PCU. 



Four <4) strains of HSV-1 viruses were collected from 
exsudates of herpetic lesions on tongue, nasopharyngeal 
cavity and vulva. These samples were pooled then typed as 
HSV-1 using immunofluorescence. They were subsequently 
allowed to multiply in MRC5 cells and growth medium. 
Separation from cells and cell debris was performed by 
centrif ugation. Viruses were then stocked in aliquots in 
1 i quid nitrogen. 

Samples from the HSV-1 pool were then diluted from ten 
to ten fold down to the antepenultimate cytotoxic titre which 
was taken as base line for each experiment or control. 

The peroxidase formulation set forth above in Table XV 
was then mixed with an equal volume of the HSV-1 pool 
suspension at the base line t itre Uml/lml). 

These virus and the peroxidase formulation mixtures were 
allowed 30, 60 or 120 minutes incubation at 37°C. They were 
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then diluted from 10 to 10 fold to obtain suspensions at 5- 
exponentially decreasing concentrations- Of each of these 
suspensions, 50 microliters were sampled to inoculate a 
layer of fibroblasts grown "in vitro". 

After inoculation, the cell cultures were examined 
daily up to seven days. Marks of cytotoxity were 
semi quant itat ively quoted, as follows: 1+ being from 0 to 
£5*5 being from 35 to 50%; 3+ being from 50 to 75%; 4+ 
being from 75 to 100%* 

Controls were settled by substituting the oxidizing 
moiety with an equal volume of the HBSS buffer. On the 
contrary, blanks held the complete oxidative system of the 
formulations but the virus moiety was replaced by the 
g row t h me d i urn . 

The cytotoxity of pretreated virus was compared with 
that of suspensions which had not been in contact with the 
peroxidase formulation. This comparison allowed to express 
the results in terms of: 

1. no effect: that is, no difference of cytotoxity 
between experiments and controls; 

£ e delaying effect: when a minimum £4 hour delay 
lengthened the lag phase before the onset of cytotoxity; 

3. inhibiting effect: when a complete inhibition of 
the virus cytotoxicity was noticed. 

Twenty samples of the HSV-1 pool, were dispersed each 
into five (5) consecutive dilutions (from 10^ to 10"**) 
which were treated by mixing in the peroxidase formulations. 
These tests were compared with the equivalent number of 
controls which yield the results plotted in Figure 1- 
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hs can be seen by reference to Figure 1, a one nundred 
and twenty U£0) minute incubation period m the presence of 
the peroxidase formulation induced complete inhibition of 
HSV-1 cytotoxic potential. Sixty (60) and thirty (30) 
minutes of incubation yield £/3 and 1/3 of complete 
inhibition, 1/3 and 1/6 delaying effect, respectively. 
However, l/a of the samples which had sustained thirty <30> 
minutes incubation with the oxidase formulation, showed no 
loss of cytotoxicity. 

ft direct toxicity on the fibroblast layers, due to the 
oxidative moiety, could not be avoided in few cases- when 
assaying the highest concentration (H) of the mixtures. This 
toxicity, however, was no more found while using the ensuing 
dilutions <that is from H x 10"M, so that it never disturbed 
the reading of viral toxicity itself. 

The results nonetheless disclose an obvious weakening of 
the viruses cytotoxicity power. They appear to be time 
dependent. 



Example VI 

This example shows the effectiveness of the 
peroxidase/substrate/peroxide system of the peroxidase 
medicaments of the present invention against an enveloped 
virus and, in particular, against human immunodeficiency 
virus. The peroxidase/substrate/peroxide system of the 
peroxidase medicaments was p^Bp^Bti having the formulation 
set forward in Table XIV below; 
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TftBLE XIV 



Inored ient 



Amounts per" 100 ml buffer solution 1 



SI ucose oxidase 
Glucose 



sen- 



Lact operoM i dase 



0. 0£ mi 1 1 i grams 
1.20 millirooles 
0. 06 m i 1 1 i mo 1 es 
4. CO milligrams 



1 The buffer solution is a Hank' s-Ba lanced Salt Solution that 
is calcium, magnesium and glucose free- The pH of the buffer 
solution is 7.4. The weights of the contents of the HBSS 
buffer solution is as follows, for every 1000 ml of distilled 
water: 8 grams NaCl ; 0.4 grams KC1 ? 0. 0B grams Ma e HPCU$ and 
0t0£ grams of KHePCU.. 



HIV aliquot s were obtained from a supernatant of ARV-4 
cell line. The aliquot s were then extemporaneously mingled 
with an equal volume of the peroxidase formulation set forth 
in Table XIV and incubated from 1 hour down to £ minutes at 
37 *C. 



HIV plus the peroxidase formulation was then inoculated 
t o phyt oh aemag g 1 ut i n i n-st i mu 1 at ed h urn an 1 ymphocy t e cu i t ures. 
Final dilution of the aliquots was 1520, 1:100 and ls£00. 
Controls were obtained by preincubat ing the virus in the 
buffer alone. The cultures were supplied again with fresh 
lymphocytes on day 11 (arrows in figure £) . Virus growth was 
monitored with an EL ISA detecting p£4 either intra-cel 1 u lar 
(per 10 s cells) or in the supernatant- 



In control experiments experiments,, the virus produced 
early intracellular p£4 when inoculated to human lymphocytes, 
at final dilutions i:£0 and is 100- Dilution 1:200 however 
yielded both delayed and lower amounts of p£4. By contrast, 
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vxrus, treated with the peroxidase formulation only produced 
low amounts of p£4 at dilution 1:20. The results of these 
experiments are summarised and can be seen with reference to 
Figures £ ana 3. 

Fifteen (15) days lymphocyte culture yielded 90 pg of 
p£4 per 10" in controls inoculated with ls£00 diluted virus, 
while £5 pg only were detected after innoculation of virus 
treated within the peroxidase formulation for one <1) hour 
and diluted 1,20. With higher dilutions, no p£4 was detected 
m 10* cells. But the whole culture of 10' cells had 
nevertheless been contaminated by infectious particles sines 
p£4 had been shed later on into the supernatant. 

Cytopathic effect brought forth by the virus in control 

experiments was not observed after treatment of lymphocytes 

with the peroxide formulation alone. By contrast, leaving 

SCN- out the mixture (and therefor allowing H,0 tf 

accumulation), proved to be cytotoxic at the lowest dilution 
< 1 :£0) , 

Kinetic experiments were preformed with preincubation at 
£, 10, SO, 30 and SO minutes. These showed that £ minutes 
contact with the undiluted peroxidase formulation was enough 
to reduce the HIV infectivity exhibited in the samples. 



Example VII 



This example also shows the effectiveness of the 
peroxidase/substrate/peroxide system of the peroxidase 
medicaments of the present invention against an enveloped 
virus and, in particular, against human immunodeficiency 

The peroxidase utilised in this example is purified 



virus. 
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human recomDinant myeloperox idaBE, 

ftn MPO-MIX was prepared. This MPO-MIX included 50O ul 
of culture medium (RPMI, Gibco and 5% fetal calf serum, 
Seralab), supplemented with sodium thiocyanate (£0 ug/rnl), 
glucose l m A f glucose oxidase (6 mU/ml) and from 10 to 40 ug/ml 
of purified human recombinant myeloperoxidase- This human 
recombinant myeloperoxidase was produced utilizing the method 
described in patent application no. PCT/EP89/00&6S. However, 
it is to be understood that this myeloperoxidase may be 
obtained from any suitable source. 

ft SO ul viral suspension of HTLVIIIB virus, derived from 
infected Molt3 cells, i.e., 1200 TCID-so (Tcells infectious 
dosis 50%) is prepared. ----- 

Finally, £. 10* reporter Sup Ti cells are obtained. In 
particular, supTl cells, derived from a human lymphoma (J. 
Hoaxie, Univ. of Pennslyvania, Philadelphia, Perms 1 y van i a, 
U. S. ft* ) were utilized. 

The standard procedure was performed as follows: 

The HTLVIIIB viral suspension <£0 ul) was added to the 
MPO-MIX (500 ul) and the resulting mixture was incubated for 
15 minutes at 37°C. The mixture was then transferred onto a 
Sup Ti cell pellet (containing £.10* cells) and further 
incubated for 30 minutes at 37° C with gentle stirring. Cells 
were then washed twice with culture medium RPMI and fetal 
calf serum), pelleted and resuspended in 10 ml of the same 
culture medium, i.e- T at a cell density of 10 a cells/ml. 
These resuspended cells were then cultivated at 37*C for ten 
<10) days. 
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Microscopic examination (Monitoring) of the cultures was 

done at days 3, 5 and 7 to record cytopathic effects, such as 

the formation of syncitia. On day 10, 450 ul of the cell 

culture was collected. This 450 ul of the cell culture was 

then mined with £0 ul of buffered saline containing 10% 

Triton X-iOO and stored at -20 *C before use. The samples 

were subsequently analyzed by EL ISA to quantify the p£4 

HTLVIIIB antigen (the viral progeny) . More precisely, the 

chosen EL ISA measures the amount of HTLVIIIB p£4 protein and 

uses as primary antibody a murine monoclonal antibody raised 

against p£4 <Dupomt, U.S.A.) and, as secondarv antibody, 

human ant i HTLVIIIB immunoglobulins labelled with biotin. 

Specific complexes were revealed using a ©t rept avid in-norse 

radish peroxidase conjugate (Amersham) and the 0PDA 

chromogenic substrate (Sigma). Optical densities were read 
at 490 nm. 

The results of these experiments are set forth below in 
Table XV. These results show that the peroxidase 
medicament of the present invention containing human 
recombinant myeloperoxidase at concentrations ranging from 10 
to 40 ug/rnl, comletely "inhibits the replication of the 
HTLVIIIB virus. 




Test 



Days of Culture 
Following exposure of viru: 



1. Virus HTLVIIIB 

+ 

MPD-MIX 
(J0 up/ml MPD) 



to rMPD 

10 



CPE 1 nd 
ELISA^ nd 



IS 



IS 



nd 
13 
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TABLE XV continued 



Virus HTLVIIIB 
+ 

MPG-M I X 
\20 un/mi MPO) 



CPE 1 nd 
EL I BA^ nd 



18 



nd 
19 



3 • V i r u s HTL V 1 1 1 B 

MPO-M I X 
(AO UD/mi MPO) 



CPE 1 nd 
EL I - nd 



£0 



14 



17 



nd 
13 



A- Virus HTLVIIIB 
alone 



CPE 1 nd 
EL I SA^ nd 



73 



170 



4*4- 



nd 
1000 



bupTi cells 

4- 

MPO-MIX 
tAO ug/rrrl MPO) 
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1 CPE (Cytopathic effects) : 

- means no syncitia was observed- 

± means a few small syncitia was observed. 

4- — > 4*4- means an increase in the number and size of 

syncitia was observed* 

& ELISA: are expressed in milli units OD^^o 



As can be from Table XV, in samples l s £ and 3 no 
syncitia was observed and inhibition of viral replication was 
noted- Sample A exhibited positive control; both syncitia 
and viral replication were observed. Sample 5 exhibited 
negative control: no virus in the assay* In Sample 6 the MPO 
enzyme lacked one of its substrates (H-^O^) * Thus, no effect 
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on viral replication was noted. Finally, m sample 7, since 
there was no MPO in the assay, no effect or. viral replication 
was observed. 

The sum total of the above assays is to demonstrate that 
use of myeloperoxidase, in appropi&te concentrations, in the 
peroxidase system of the medicament of the present invention 
completely inhibits the 'replication of HTLVIIIB virus. 



Example VIII 

This example demonstrates the anti-viral effectiveness 
of the lactoperoxidase/substrate/peroxide system and of the 
myeloperoxidase/substrate/peroxide system against genital 
herpes in the genital herpes guinea pip model (the 
intravaginal guinea pig model). 

£0 female Hartley guinea pigs received an intravaginal 
inoculation of 10= pfu of HSV£ MS virus. Begining with day 
<* and thereafter continuing daily until cay 24, these guinea 
pigs were monitored for the appearance and development of 
herpes lesions (based on a scale from 0 to 4) and were 
treated by use of one of the three following gels: 

1- ft control gel (for a group of four guinea pigs) 
prepared having the formulation set forth for the gel 
only in example 3ft of Table IX 5 

£. ft gel containing a 1 actoperox i dase/substrat e/ 
peroxide system (for a group of eight guinea pigs) prepared 
having the formulation set forth in example 9ft of Table IX, 
except that 88 IU of 1 act operox i dase (per lOOg of gel) was 
utilised and not £00 IU of lactoperoxidase; 
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3* h gel cont aiming a myeloperoxidase/ substrate/ 
peroxide system '.for a group of Eight guinea pigs.* prepares 
havmo the formulation set forth in example 9fl of Table IX, 
except that 70. B IU of myeloperoxidase (per iOOg of gel) was 
utilized and not £00 IU of lact operox idase ; 

The development of herpes lesions occurs in two 
successive phases s the first phase (primary infection) is due 
to the mnoculated virus; and the second phase i recurrences) 
is due to the reactivation, more or less frequent, of the 
virus present in the nerve cells m a latent form- 

The treatment consisted of applying 0.6 crams of gel on 
the herpes lesions appearing around the external genital 
organs. The results of these experiments are summarized in 
Table XVI ^wherein the effect of the treatments on the 
primary infection are summarized) and in Table XVII (wherein 
the effect of the treatments on the recurrences- are 
summarized) and can be seen with reference to the graph set 
forth in figure 4* 



Table XVI 



Average Average Average Duration 

Gel Severity 1 Maximal Score of Primary Infection • 

1 1. C » / C m l_J ll 

2 7.4 p 0,02* 1.6 p O. 03 s 6.5 p 0»0i*. 

3 a. 4 p 0-02* 1. 9 p 0.01* 7.3 p 0.05*- 

A Severity = The sum of the scores from day 4 to day id 

£ Significant according to the Student's Test - 
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Gel 



Average N urn ber 
2 f '<g?c u r'^grigpc x 



nver age Durar i on 
:«f -< Recurrence ■. : n ca v s ) 



1 . 5 
1.4 N. S. * 
1.9 N.S. fi 



3. 3 N. S. « 



These is a recurrence if one measures, durina two 
successive days, a score equal to 0.5 <erythma; or, during 
one day, at least one score equal to one '.vesicuiej. h 
recurrence is proceeded and followed by a day witnout 
ies l oris. 

Not significant; according to the Students Test. 



fts can be seen from Table XVI and from figure 4, lesions 
from the primary infections were generally severe (maximal 
score £.5-3) and persisted from day 4 to days 12-14, while 
lesions from the recurrences were relatively benign (maximal 
score 0.5-1) and disappeared after 3-4 days on average. The 
results of these treatments clearly show that the gels 
containing the 1 actoperox idase or the myeloperoxidase 
significantly reduce the severity, the maximal scores and the 
duration of the primary infection. 



Key To Figures c! and 3 

Figure 2 is illustrative of the growth of HI V-generat ed 
pc!4 in lymphocyte cultures by measurement of the p£4 in the 
supernatant. Figure 3 is illustrative of the growth of HIV- 
generated p£4 in lymphocyte cultures by measurement of 
intracellular p£4 per 10* cells, 



Symbols utilized in figures £ and 3 are as follows: 

Solid lines < — > ; preincubation 1 hour, in buffer alone 

(controls); Stppled lines i ) : preincubation 1 hour, m 
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oxidizing complex- Final dilutions of HIV initial pool: Is 20 
C*t>) ; is 100 <I£J ) ? and 1 : £00 (AA>. 



In view of the foregoing descm pt i on. and examples- it 
will become apparent to those of ordinary skill in the art 
thax equivalent modifications thereof may be made without 
departing from the spirit and scope of this invention. 
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CLfllMS 



i. The use of a peroxidase for the manufacture of a 
medicament for the prevention or treatment of enveloped virus 



infections. 



£. The use of claim 1, further chacterized in that a 
oxygen donor and an oxidizable substrate for which the 
peroxidase is specific are also used for the manufacture of a 
meaicament for the prevention or treatment of enveloped virus 
i nf ect ions. 

2. The use of claim 1, further characterized in that the 
peroxidase is lactoperoxidase. 

4. The use of claim i, further characterized in that the 
enveloped virus is a herpes simplex virus. 

5. The use of claim 1, further characterized in that the 
enveloped virus is a human immunodeficiency virus. 

S. The use of claim £, further characterized in that the 
oxygen donor is hydrogen peroxide. 

7. The use of claim £, further characterized in that the 
oxygen donor is an enzymatic system including a substrate and 
an enzyme specific for the substrate, such that hydrogen 
peroxide is formed thereby. 

8. The use of claim 7, further characterized in 

that the substrate of the enzymatic system is glucose, and 
the enzyme of the enzymatic system is glucose oxidase. 



SUBSTITUTE SHEET 



WO 92/01466 



PCT/BE91/00048 



-46— 



9. The use of claim 2, further characterized in that the 
o x y gen d onor is ari i nor g an i c per o x i d e . 

10- The use of claim further characterized in that 
the oxygen donor is an organic peroxide. 

11- The use of claim £ f further characterized in that 
the oxygen donor is a microorganism. 

1£. The use of claim £, further characterized in that 
the oxidizable substrate is a thiocyanate salt. 

13. The use of claim £, further characterized in that 
the oxidizable substrate is a halide chosen from the group 
consisting of chloride, bromide and iodide. 

* 

14. The use of claim 1, further characterized in that 
the peroxidase is a mammalian peroxidase. 

15. The use of claim 1, further characterized in that 
the peroxidase is myeloperoxidase. 

16. The use of claim 1, further characterized in that 
the peroxidase is a plant peroxidase. 

17. The use of claim 2, further characterized in that 
the substrate is a thiocyanate salt and the peroxidase is a 
mammalian peroxidase. 

IS. The use of claim further characterized in that 
the substrate is a halide chosen from the group consisting of 
chloride, bromide and iodide and the peroxidase is a plant 
peroxidase or myeloperoxidase. 
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19. The use of claim £, further characterized m that 
the oxidizable substrate is a thiocyanate salt, the oxygen 
donor is an enzymatic system including a glucose substrate 
and an glucose oxidase and the peroxidase is lactoperoxidase. 

£0. The use of claim £, further characterized in that 
the oxidizable substrate is a thiocyanate salt, the oxygen 
donor is an enzymatic system including a glucose substrate 
and an glucose oxidase and the peroxidase is myeloperoxidase. 

SI. The use of claim l, further characterized in that 
the medicament is a topical medicament. 

£2. The use of claim 1, further characterized in that 
the medicament is an oral dentifrice. 

£3. The use of claim 1, further characterized in that 
the medicament is an injectable composition. 

£4. 0 method for the preparation of a medicament for the 
prevention or treatment of enveloped viruses characterized in 
that the composition of claims 1 or £ is combined with a 
pharmaceutical ly acceptable carrier. 



ft method for the prevention or treatment of 
enveloped viruses characterized in that a therapeutic or 
prophylatic effective amount of the medicament of claims 1 
£ is administered to a patient in need thereof. 

26. The method of claim £5, further characterized in 
that the enveloped virus is a herpes simplex virus. 

£7. The method of claim £5, further characterized in 
that the enveloped virus is a human immunodef iciencv virus. 



or 
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£8- The method of claim £5, further characterized in 
that the medicament is topically administered. 

£3. The method of claim £5, further characterised in 
that the medicament is orally administered. 

30. The method of claim £5, further characterized in 
that the medicament is injectably administered. 
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